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C ANAIGRE

(RUMEX HYMENOSEPALUS.)

BY

C. B. COLLINGWOOD. J. W. TOUMEY. F. A. GULLEY.

INTRODUCTORY.

Soon after the organization of the Arizona Experiment
Station the attention of the Station Staff was called to the can-
aigre as a plant worthy of investigation. Feeling assured that,
if the plant was of commercial value, the available wijd growth
would soon be exhausted, and at most would hardly warrant its
adoption by the trade unless a large and constant supply could
be depended on, it was concluded that the investigation should
include cultivation as well as determination of the properties of
the plant in other ways.

For the purpose of calling attention to the plant and secur-
ing all possible data in regard to its geographical distribution
and habits, a bulletin was issued in April, 1892, stating the ob-
ject of the investigation.

Chemical examination was begun in March, 1891, and
the first roots were planted in July, 1891, since which time the
work has been in progress.
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Members of the Station Staff have studied the growth and
gathered roots from a large area of the country, embracing the
Salt, Gila, Santa Cruz, Rillito River valleys, and many speci-
mens have been secured from other places and from New
Mexico and Texas for examination, and the wild growth and
plantations set last fall near Deming, and in the Pecos
valley, New Mexico, examined by a, member of the staff quite
recently.

Soon after commencing the investigation we were led to
believe that if the plant would respond to cultivation its produc-
tion would rapidly develop into a large industry, and the inves-
tigations to date fully realize our expectations.

Canaigre has been used for many years by the Mexicans
both as a medicine and as a tanning material, but only in recent
years has it attracted attention as an artiele of commerce*

In 1868 a sample of the roots was sent from Texas to the
Agricultural Department at Washington, but it was mislaid and
the analysis was not made until 187&. In 1889 Prof. Henry
Trimble published an article on Canaigre,2 in which he gives
its history to that time and records some analyses made by him-
self and others. He states that Mr. Rudolph Vaelcker, of Gal-
veston, Texas, published an analysis of roots gathered in 1874,
giving 23.16 per cent, of tannic acid. Roots were exhibited at
the New Orleans Exposition labelled, "A New Tanning Mate-
rial." Since then considerable attention has been given to this

1. Report Commissioner of Agriculture, 1878, pp. 119et seq.
2. American Journal of Pharmacy, A.ug. 1889, pp. 39") et seq.
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plant and a number of articles have been written, both in this
country and abroad, in all of which it is agreed that canaigre is a
valuable tanning material.

So far as we can learn, the first effort made to establish the
commercial value of canaigre as a tanning product was in the
year 1882, when Col. J . C. Tiffany, then government agent
for the Apache Indians at San Carlos, Arizona, shipped con-
siderable quantities of the root from Deming, New Mexico;
and El Paso, Texas ; to New York City and also to
Germany, Austria and Great Britain. The root was first
shipped green, which caused it to ferment, and its use abroad
in a fermented condition destroyed the leather to which it was
applied, which temporarily brought it into disfavor; but subse-
quently, in the year 1884, the root was shipped by one of Col.
Tiffany's sons, in a sliced and dried state, when it arrived
abroad in good condition, was successfully used in all experi-
ments made, and immediately met with great favor. Nothing
resulted from the efforts of Col. Tiffany and his associates, for
the reason that it was feared the root in its wild state could not
be secured in quantities at a price which would enable it to be
brought into general use, and its cultivation at that time was
not thought of.

Not long after this Thomas Fitch, Esq., organized a
wealthy company in San Francisco, California, for the same
purpose, but the enterprise was abandoned by its projectors be-
cause sufficient canaigre could not be found to meet the demand
which the company was organized to supply, the idea of culti-
vating the plant not having occurred.

The Canaigre Supply Company, of Tucson, Arizona, first
as a partnership and subsequently as an incorporation, has de-
voted several years and expended considerable capital in intro-
ducing canaigre to the trade. A number of small shipments
were made to chemists and tanners in this country and Europe
for experimental purposes. Large shipments followed to meet-
the demand which resulted from such experiments, the product
having met with favor wherever used. This company claims
to have procured letters patent for a certain process of manu-
facturing an extract from canaigre.. Experiments made with
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this process are said to have determined the fact that an extract
can be made from cultivated canaigre at a cost with which ex-
tracts of oak and hemlock can not compete.

Mr. E. C. Denig, of Deming, N. M., has taken an active
part in calling attention to the merits of this plant, expending
both time and money in getting tanners to test its merits in the
manufacture of leather. He sent samples of roots in consider-
able quantity to Chicago and other places, and with the aid of
chemists whom he employed succeed in making an extract of a
high grade.

The establishment of the tanning extract works at Deming
is largely the result of Mr. Denig's labors.

Mr. R. J. Kerr, of Deming, N. M., who is engaged in
gathering and shipping canaigre, has kindly furnished the fol-
lowing information. He says:

" I shipped the first car-load ever shipped from Tucson in
February, 1887, to Martin & Miller, Glasgow, Scotland. It
was shipped in the green state and arrived there in good order.
After the trial they told me, while in Glasgow, that they alone
could use ten thousand tons annually if it were possible to get it
at £8 ($40.00) per ton in a sliced and dried state. In January,
1890, I shipped the first car-load, sliced and dried, from here to
Liverpool. In some unaccountable manner it got wet and, with
the exception of four or five sacks, was all ruined. I then made
continuous shipments for the balance of the year with but
slight loss. Last July I shipped twenty tons green to Virginia,
the whole being fermented on arrival. This car, for some
reason, did not reach the consignee until several weeks after
shipment. I made one shipment to J. & T. Grant, tanners,
Woodstock, Ontario, Canada, and they were more than pleased
with the results. Owing, however, to high freight rates, it was
impossible to supply them at any price they could afford to pay.
I found it hard to introduce in the United States."

Among the.articles which have appeared is one that de-
serves more than passing notice: " Canaigre, a New Tanning
Material,"1 by Prof. W. Eitner. Prof. Eitner is at the head of

1. Der Gerber Organ der Chemish technischen Versuchsstation May, 1891, Can-
aigre Ein Neues Gerbmaterial.—W. Eitner.
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the Vienna Research Station for Leather Industry, and a rec-
ognized authority in Europe on such matters. He has tested
canaigre from the standpoint of a practical tanner. In that
article he especially recommends it for its quickness in tanning,
its filling qualities and its beautiful color. He says: " I con-
sider this article especially adapted for tanning uppers, fine sad-
dlery and fancy leathers. It can be used alone or in connection
with other materials." He also states that at the price laid down
in Vienna—18 florin per 100 kilo (about $65 per ton)—it is
quite reasonable. In fact he has everything to say in its favor,
and nothing against it.

The European tanners are awake to the value of this mate-
rial. The German Tanning School at Freiburg, Saxony, men-
tions canaigre as one of the materials with which they are work-
ing and experimenting*

In 1886 a tannery was erected at Tucson for tanning hides
with canaigre, but owing to lack of proper management and dis-
agreement among stockholders the business was never fairly
started. A considerable number of cattle hides and other skins
were tanned and sent to leather dealers in this country, all of
whom rated the material produced as of first quality.

That canaigre is an efficient and valuable tanning agent is
110 longer.a question* It has passed the experimental stage, and
would no doubt be adopted at once by the trade if it were not
for the fact that the present supply is limited and uncertain.

MARKET DEMAND*

During 1891 and 1892 the shipments of canaigre roots from
Arizona, New Mexico and southwestern Texas bejjan to assume
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some importance, the Canaigre Supply Company, of Tucson,
and Messrs. Kerr, of Deming, and Popper & Thornton, of El
Paso, being the largest shippers. We have not been able to
get data in regard to the shipments over the Texas & Pacific
and Santa Fe railways, but from Jan. ist, 1891, to October 31st,
1892, the Southern Pacific Co. handled 370 car-loads of sliced
and dried roots consigned to Europe. As much more may have
been forwarded by the other roads.

These roots were gathered from patches lying within a
radius of ten or fifteen miles from the stations, and in addition a
large quantity is stored at the Extract Works at Deming to be
worked up wThen the factory is ready to operate.

The ordinary method of preparing canaigre for shipment
is for some one to locate a good patch, then with a force of men
make a camp at this place. The men dig the roots by contract,
a certain price being paid for the roots delivered at the cutting
machine. This machine slices the roots into pieces one-twentieth
to one-fourth of an inch thick. These pieces are then exposed
to the sun and air until air-dried. In this state they contain
about 8 per cent, moisture and from 20 to 35 per cent, tannic
acid, and can be safely shipped if they are kept dry. This is a
cheap and efficient method, requiring little capital or machinery
and being especially adapted to handle canaigre growing in a
wild state.

The supply of wild canaigre is becoming limited. Good
authorities state that at the present price the supply will hardly
last more than two years. "At present price " means the sup-
ply within profitable hauling distance of the railroads. If canai-
gre is only to be obtained from the natural supply it will be but
an incident in the tanning trade. But if, as the experiments at
this station show, canaigre can be profitably cultivated, it will soon
become a permanent factor with thousands of acres of land, pro-
ducing yearly hundreds of thousands of tons of canaigre, and the
problem will be to get the tannic acid into the market at the
least expense.

(RUMEX HYMENOSEPALUS, TORR.*)

One to three feet high, form a cluster of deep-seated, Dahlia-like,
tuberous roots, sub-simple, papillate to glabrous, often red; leaves

The above description is from North American Species of Kumex, by William
Trelease,
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GEOGRAPHICAL DISTRIBUTION OF CANAIGRE.

The word " Canaigre" is likely a Spanish corruption of the
French. It is thought that the plant at an early date was sent by
missionaries to France,' where it received the name Cana Agrias

meaning sour cane. The early botanists, in getting the name from
the Mexicans, gave it its present spelling.

The habits of this plant well suit it to hot and arid regions.
Completing its annual growth in a few months, the remainder of the
year it showrs nothing above ground but dry and withered leaves and
stalks. The deep seated, tuberous roots, however, are fleshy and full
of moisture, and are capable of retaining their vitality through the
long, hot, dry summers, until the rains of the following winter start
in them a new growth.

Contra y to the reports of most collectors, as being found in the
plains and low mountains on dry soil, this plant grows to highest
perfection and greatest abundance inriver bottoms and along washes.
It seems to prefer loose, sandy soil, which is flooded at times of
heavy rains. In such places it frequently forms a dense* green
growth two or three feet in height, resembling at a distance broad
acres of some cultivated crop.

It never occurs in large areas on the higher mesas or in the
mountains; however, small, isolated patches are sometimes found in
the ravines between low mountains, and even occasionally on the
drier soil of the mountain side.

In this Territory canaigre grows in nearly all of the lower plains
and river valleys of the southern half. It is abundant in many por-
tions of the valleys of the Salt and Gila Rivers, There are many
large areas more or less covered with this plant in the valleys of the
Santa Cruz, San Pedro and Rillito Rivers, as well as &long hundreds
of washes and smaller streams tributary to these larger ones. It is
found in lesser abundance in Verde valley and throughout Tonto
Basin,

1. Bot. of Geological Survey of Cal., Vol. II, p. 8.
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Apparently, here, it reaches its northern limit, for nowhere on
the higher elevations north of these regions have we found a single
specimen of this plant. It is peculiar to the Great American
Basin and adjacent parts of Mexico. It is used by the Indians! and
Mexicans at the present time in some parts of the Territory.2 When
used for frod it is prepared in much the same way as the rhubarb of
the garden. From its more than fancied resemblance to rhubarb in
many places it is known as wild rhubarb or wild pie-plant. Although
we have heard a number of people speak of this plant highly as a
food product we are inclined to the opinion that it would little sat-
isfy a cultivated taste; and further, its purgative qualities render it of
little value as an article of food.

The root is in use to some extent among the Mexicans as a
medicine. v\ e are told it is prepared by first burning the root to a
coal and then pulverizing it. The powder so'formed is made into a
broth and is one of the many panaceas used by the Mexicans for all
forms and conditions of illness.

The first important information in regard to this plant dates
from 1868,1 when a package of roots was sent from western Texas
to the Agricultural Department, Washington, D. C. It was ten
years later before the analysis of these roots appeared in a re-
port 2 The following year,3 in a report on canaigre, the plant is
identified as Rumex Hymenosepalus, Ton-. Here also is given a
lithographic plate of the plant in bloom. This plate, however, gives
a poor idea of canaigre, as it in but few respects represents the true
habit of the plant. A few years ago it began to attract the attention
of both foreign and American tanners, who are now looking toward
this plant as a probable source of much of the future supply of
tannin.

2. Iliave several letters from prominent citize s to this effect.

1. Co t r i b u t e s from the Chemical Laboratory of the Philadelphia Academy of
Pharmacy, No. 56. "

2. Report of the commissioner of Agriculture, 1878, D. 119.
3. Report of the Commissioner of Agriculture, 1879, p. 364.



i4 CANAIGRE.

HABfT AND DETAILED DESCRIPTION,

In this locality the plant appears above ground shortly after the
winter rains — last year the first of February. It grows rapidly and
by the last of April it is in full bloom. Before the close of the fol-
lowing month it has matured its seeds and the part above ground
has withered and died. Its annual period of growth only extends
over a few months.

If we have fall and early winter rains the plant begins its growth
during November and December. The winter of this climate is not
of sufficient vigor to destroy the foliage. If the plant starts its
growth before the close of the fall months it will continue in growth
throughout the winter, and will produce a much thriftier growth be-
fore the drouth of the succeeding summer.

The plant propagates itself mostly by its large, fleshy roots. It
flowers profusely, but very few seed are matured, the greater number
withering and falling before ripening. We are inclined to think that
very few of the seed that do mature germinate and produce new
plants. The seeds maturing in early summer fall to the ground and
for several months lie there the prey of insects and birds. A dili-
gent search several times in as many different places failed to dis-
cover a single seedling, and this in regions where the plant was very
abundant.

Possibly, in a measure, this failure to produce seed may be at-
tributed to the froterogynous and anemophilous condition of the
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the amouut of iron in the soil. In some soils the outside covering of
the root is almost black, before it has completed its first season's
growth. In such cases I am of the opinion* that this coloration is
caused by the action of iron salts in the soil upon the tannin.

The epidermis is something like the thin peeling of a potato.
Here and there over the surface are lenticle-like bunches of cork-
cells, underneath which, frequently, small roots develop. At maturity
these small roots wither and fall awey, leaving the larger ones almost,
if rwt quite, as smooth as a sweet potato. By examining" a root in
late summer or early fall a number of buds may be seen on the
crown end ready to start their growth after the winter rains. The
root apparently reaches its growth after the first season; however, it
lives for several years and may produce new plants and new roots
each season. Possibly the large amount of tannin that it contains
aids in preserving it. The roots of a year's growth or more are a
little more firm in texture than a potato; however, when they finally
die, they become dry, hard, and nearly black throughout. In his
condition they are quite as hard to cut as a piece of wood; and there is a
large increase in the amount of coloring matter. By boiling, the root
becomes softer, but does not break open and fall to pieces as with the
potato. The young roots are nearly white on the interior. As they
grow older they become dark, yellowish red from the development of
coloring matter within the cells.

MINUTE STRUCTURE OF THE ROOT,

The tissue is mostly of large-celled parenchyma, with a few
wood cells and ducts scattered about here and there, but mostly to-
ward the center of the root. This tissue develops from a thick layer
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of cambium located in the nearly mature root at about a quarter of
the distance from the epidermis to the center. A rapid development
of permanent parenchyma tissue takes place at either side of the
cambium zone ; however, as we would expect, the wood cells and
ducts are all within the cambium ring. The parenchyma without is
much the same as that within, only the cells are shorter and much
wider. The root has a very regular structure, but is quite remark-
able in the large development of tissue outside the cambium zone.
This tissue will frequently nearly equal in weight that within, and is
as easily separated from it as the bark is peeled from a tree. The
bark is rather brittle, but will break crosswise much more easily than
longitudinally.
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COLORING MATTER.

Cells here and there are filled, or partly filled, with a yellowish
red material, which gives the root its characteristic color. In some
of the cells we see glistening pieces of a yellow resin. Only a part
of the coloring matter is dissolved out by the action of water. If a
root be freshly cut, a gum-like substance, containing starch granules
and more or less coloring matter, will exude from the cut surface.
In a few days this becomes quite hard and of a brownish color. The
cells toward the center of the root contain the largest amount of col-
oring matter. Frequently it is most abundant in three to five con-
centric layers extending from the center toward the outside, these
layers alternating with lighter ones. Sometimes it seems to be evenly
distributed throughout the entire root. The amount of coloring mat-
ter increases with the age of the root, as may be readily observed by
comparing roots of different age.

In addition to these varied colored materials, many parenchyma
cells contain large compound crystals, probably of calcic oxalatc.
These crystals were all observed in the tissue outside the cambium.
Smaller crystals, likely of the same material, were found in large
numbers.

TANNIN.

The large amount of tannin that the root contains is apparently
in solution in the cell sap. Not only is the tannin found in the root,
but it is found to some extent in the stems and leaves. The cell
sap gives a pronounced tannin reaction with either ferric sulphate or
bichromate potash. A thin section of the root treated with either of
these reagents will throw down a precipitation whenever it comes in
contact with the cell sap. As with the coloring matter, the tannin
also increases with the age of the root, at least for the first few years.
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SOfL INFLUENCE ON THE PLANT.

To learn something of the soil requirements of the plant
extended trips have been made by members of the Station Staff.,
soils and growth studied and roots collected for chemical deter-
mination.

The plant has been found growing" wild only in the sandy
and loose soils, the roots becoming smaller as the patches ran
into closer soils and not appearing at all on heavy soils.

From this it might be inferred that a light sandy soil is one
of the requirements of the plant.

The fact that the plant develops roots of good size and
high per cent, of tannic acid on quite heavy soil under cultiva-
tion, shown in our experiments, as referred to under u Cultiva-
vation," would indicate that a sandy soil is not essential to its
successful growth.

Canaigre grows naturally and is found in greatest perfec-
tion in a loose and sandy soil, but this may be on account of its
mechanical condition which allows the roots a better chance to
grow, and because the moisture is retained longer by the layer
of loose sand preventing evaporation.
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The following partial analysis will give some idea of the
character of soil in which it has been found growing in greatest
abandance.

CHEMICAL ANALYSIS.

Moisture in air-dry sample 0.10
Sand « 93.44
Silica soluble in sodium carbonate 2«5°

9545

Ferric oxide, . > 1.13
Alumina trace
Calcium oxide . > trace
Phosphoric acid trace
Matter not estimated , » 3*42

MECHANICAL ANALYLiS.

The soil looks like pure sand colored red by oxide of iron,
and all passed through a sieve with meshes 0.5 mm in diameter.

DIAMETER IN mm, PERCENT.

Medium sand 0.5—0.25 52*23
Fine sand, . . . k °*25—0.10 27.42
Very fine sand » o. I —0.05 l 3« I3
Lilt, by difference. > . . . 0 * 5 - 8.22

It has not been found growing in the extremely firm, close
sedimentary soils, nor has it been found in soils containing more
than one per cent, of soluble salts.

AMOtjNT OF TANNlC ACID IN CANAIGRE.

Samples collected in widely different portions of the Ter-
ritory show the following composition. As old and new roots
were taken together, just as they grew in the hill, the rather
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15 per cent, to 16 per cent. dry. At this time the roots are
white with a yellow ring, and do not turn red even on exposure
to the air. After blossoming the roots seem to have attained
their full size, are somewhat deeper in color and contain but
little more tanic acid than when younger. Through the long,
hot summer they gradually increase in tannic acid. As soon as
they sprout and grow, there is a marked tendency to rncrease in
tannic acid. Analyses of roots of same age, sprouted and not
sprouted, show the sprouted roots to have been uniformly higer
in tannic acid.

Experiments in cultivation'have not been carried sufficiently far
to determine its effect on content of tannic acid. These, however,
will be continued until definite results are reached as to best time to
harvest roots. It may be found that two qualities of roots will be
obtained ; the first, one year roots with about 23 to 25 per cent, of
tannic acid and only a small amount of coloring matter; the second,
two year roots, with higher percentage of tannic acid and large
amount of coloring matter.

EXTRACT.

Moisture in Roots.

Green roots, average of all
samples 66.0

After being sacked 2 months 58.0
After lying in open box 1 yr 32.0
Sliced and dried, 8.0

By which it will be seen that 3
tons of green roots will make 1
ton of cut and dried roots, con-
taining about 30 per cent, tannic
acid.

In Cut and Dried Root,

Average per cent, extracted
matter 45.0

Average,purity,or tannic acid
in extracted matter 66.0
By which it will be seen that 6

tons of green roots or 3 tons of dried
'roots, will make 1 ton of extracted
matter, containing 66 per cent.
tannic acid,if all loss is avoided.

From the above table it will be seen that six tons of green root
will make two tons cut and dried root, and that these six tons of
green root can be made into one ton of extract; or, with one hand,
ling, the six (6) tons of green root can be concentrated to one (1)
ton of extract containing the same amount of tannic acid. The sav-
ng of Ia6or in handling will be enormous, besides leaving more
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money in the district growing the canaigre and a bagasse which could
be returned to the land, burned as fuel, or made a passable cattle
food. As a cattle food it would have about the value of wheat straw.

In making extract, it may be found desirable to use the green
roots, cutting or shredding them, and then follow the so-called diffu-
sion process by which sugar is obtained from beets and cane. It
would probably be necessary to use pans and pipes of copper, as the
tannic acid acts somewhat strongly on iron. Extraction and evaporation
in the open air tends to a reversion of the tannic acid to gallic acid. It
would, therefore, be necessary to use vacuum pans as in a sugar
house. By evaporation under diminished pressure there need be no
loss of tannic acid, and an extract will be obtained high in tannic
acid and of good color, which will be readily soluble in water. The
amount of starch in the extractive matter will vary with the method
of handling. Being allowed to settle, it can nearly all be removed,
or, if thorjght desirable, it can all be retained.

METHOD OF ANALYSIS.

Preparation of Sample,—In all cases, unless otherwise stated,
analyses refer to air-dried root. In most cases roots were either
grated or sliced and'dried, by exposure to air. The air-dried sample
contains about 8 per cent, of moisture. Grating on a coarse vegeta-
ble grater is preferable to slicing, because the sample dries much
more quickly, and the soluble material is more easily extracted. In
some cases determinations of the green root were made, a definite
weight being taken for moisture determination at same time sample
{ox tanning was taken.

Of the several methods for estimating tannic acid only two after
the preliminary tests seemed to promise good results. These two are
the so-called hide method and the permanganate method.

By the hide method a weighed amount of the canaigre was ex-
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This planting was made on new, mesa soil that had not been
previously cultivated. Cultivation consisted in following irrigation
with a cultivator, loosening the soil between rows.

The average content of tannic acid contained in the new
roots is given on page 25 under Chemical Examination.

On page 25 is given the per cent, of tannic acid in
roots gathered from various places in the Territory, but in all
cases the samples are taken from entire hills containing roots of
from one to three years growth, but the greater part was more
than one year old.

The cultivated new roots, of one year's growth, in the dry
condition, contained from 23 to 25 per cent, of tannic acid.

The wild roots contained on the average 30.5 per cent, of
tannic acid, but these were mostly old roots.

The cultivated roots seem to be gradually increasing in
tannin, running up to 28 per cent, in January, from which we
infer there is no serious decrease, if any, in the content of tannic
acid due to forcing the roots to larger growth by irrigation and
cultivation.

Plants planted after Jrnuary yielded but a light crop of new
roots, while those planted in, March produced scarcely any
growth, although leaves were developed and a somewhat stunted
seed stalk.

The late roots of last spring have formed a promising crop
of new roots this winter, but promise not much more than those
planted the early part of last October.

Our observations to the present time indicate that the plant
has a somewhat regular time for flowering, then dying down
and passing into the dormant condition, and that this is not
affected materially by the time of planting.

It would seem also that the number of roots formed and
their size is determined largely by the time they have for devel-
opment after the ground is wet in the fall, and the continued
moisture of the soil during fall and winter to insure steady
growth.

The large roots produced by stimulating growth by irriga-
tion in the fall seem to be as rich in tannic acid when matured
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the following summer as smaller roots that have not been forced
by moistening the soil.

OLD AND NEW LAND.

The development of new roots the present winter on land
that had been under cultivation before, is greater than it was
last year on new Jand, and we find also that thicker planting
does not interfere with growth. From present indications rows
thirty inches apart and plants nine inches apart in the row will
yield as mucfy per hill as when the rows are planted one foot by
three feet.

THE KIND OF SOIL.

The wild growth, so far as we have observed, is confined
to the loose, sandy soils, but the crop of new roots on quite
heavy soil at the University, and moderately heavy soil at
Phoenix, at this date (Feb. 15th). is larger than on sandy loam
soils we have examined, all planted at about the same time and
all irrigated. It appears necessary, however, to plant near the
surface on heavy soils to secure new roots of fair size, and this
holds true in deep planting on sandy lands.

In digging up wild plants in the Gila and Salt River bot-
toms, we would frequently find roots buried two and three feet
deep where they had been covered by the deposits of the great
flood of the spring of 1891.

So tenacious of life is the plant that roots buried at this
depth will force their leaf stalks to the surface of the ground,
but the new roots formed were few in number, small and closely
packed together, the strength of the plant seemingly being ex-
hausted- in reaching the surface of the ground. The same
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thing occurs with roots planted six and eight inches deep on
rather heavy soil at Phoenix last spring. The roots formed this
winter are few in number and small, while on the same kind of
soil with roots planted near the surface the new roots are
more numerous and fully twice the size.

We are not yet prepared to state that moderately heavy
soils are as well adapted to the growth of this plant as sand and
sandy loam soils, but our investigation so far seems to indicate
that it is more a question of moisture and depth of planting
than a question of light and moderately heavy soil. It seems
pretty certain that if the roots are^packed closely in any soil,
they will not produce a maximum crop of new roots, and this
may be obviated* by proper, depth of planting and judicious
irrigation and cultivation.

GROWING FROM SEED.

We have yet to find the first plant grown from seed in the
wild condition, Of the hundreds of plants dug up, we always
found the old tuber when we examined closely. We have
grown small plants from seed, but they have not lived through
the winter, we have not, however, given this question special
attention. We are now starting seedlings in the green house
and .hope to develop full grown plants.

SEED REQUIRED PER ACRE.

Of the average sized roots of large growth, it will require
about one ton per acre for seed, planting nine by thirty inches.
Unlike potatoes and most other plants grown from tubers, the
seed roots are not lost, for after producing a growth of new
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roots,ithe mother root, if but a year old, retains its weight, and
its content of tannic acid increases. See page 26 —effect of
sprouting roots.

KEEPING SEED.

r removal from the ground, canaigre roots, if piled in
large heaps four or five feet deep, will heat and ferment; if in
thin lavers covered with dry earth, they may keep indefinitely
two or three years, but when moistened, they will sprout and
grow. Roots taken from a sack in the loft of our barn where
they had remained a year, when taken out, were dry and corky,
shrivelled up and apparently dead, but when planted and
rrToistelaed grew as readily as fresh gathered roots*

CANAIGRE vs. SUGAR BEETS.

As the cultivation of canaigre is somewhat like the grow-
ing of the sugar beet, the yield per acre in tons about equal, and
as the process of extracting the tannic acid bears some resemb-
lance *to sugar manufacture, a comparison of the composition of
the two plants may be of interest. Below is given an analysis
of the roots in comparison with an analysis of the sugar beet.

COMPARISON OF CANAIGRE AND SUGAR BEET,

(Green Roots.)

Canaigre* Sugar 13ect>

Moisture at 100 deg c 66.66 84-65
Nitrogen 0.477 0.250
Phosphoric acid 0.123 0.080
Potassium oxide 0.430 0.220
Calcium oxide 0.083 °>x 2 0
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Most of the feather in this country is at present tanned with
oak and hemlock barks, and the supply is rapidly being used up, asr

in addition to home use, considerable quantities are exported. We
also import tanning material for certain kinds of leather, and this
demand is rapidly growing. One of the largest imports at present is
" gambier," an extract derived from the leaves and young shoots of a
tree belonging to the family rubiacea, genus nauclea, B. native of
the East Indian archipelago, largely cultivated for this purpose.
During 1891, 15,000 tons were brought into the United States, val-
ued at $1,500,000, and containing approximately 50 per cent, of
tarnhic acid. The amount used abroad is much larger, because
European countries depend more on extracts than do the tanners of
this country. Six tons of green canaigre will make about one ton of
extract, containing approximately the same amount of tannie acid as
gambier. Ninety thousand tons of green canaigre would be neces-
sar-yto supply the gambier imported into this country alone. From
they high opinion which practical tanners have formed of canaigre, it
is not impossible that it will not only supplant gambier, but will
gradually take the place of many other tanning materials.

While the result of our investigations to the present time
with such data as we have collected from other sources will not
enable us to give positive replies to many inquires we receive,
©nough has been demonstrated to show that the canaigre plant
possesses sufficiently valuable qualities to warrant its cultivation
on a large scale.

The amount exported during the past two years shows
there is a demand at paying prices for large quantities, and one
of the greatest obstacles in starting an industry, introducing a
new product to the trade, is largely overcome. There is room
for a large industry in growing and shipping the roots in a dry
state, but the cost of labor in slicing and drying, the bulky con-
dition of the product after they are thus prepared stands in the
way of the most rapid development.
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The canaigre crop has this advantage over sugar cane and
the sugar beet, it can be prepared for market without expensive
machinery for manipulation, but as the field of production is a
long distance from places of consumption, economy in transpor-
tation demands the extraction of the valuable element arid plac-
ing it in condensed form.

It is important, therefore, that extract factories be esfab-
lished on a large scale, and that they be located on lines of
transportation and where the lands in the immediate vicinity of
the works may be planted to canaigre.

Our investigations in the laboratory, which are simply re-
ferred to in this BULLETIN, and which are still in progress,
show that there is no more difficult}7 in extracting the tannic
acid from the roots, green or dry, than in separating sugar from
cane and' from beets. As in sugar-making, the extraction .will
have be done on a large scale and with expensive apparatus, but
the returns will fully justify the investment.

The industry should be built on two lines, growing and
manufacturing, the same as has been found most desirable and
profitable m sugar production.

Capital must first be secured to build factories, after which
there will be no difficulty in making contracts with persons to
supply canaigre roots, at stipulated prices per ton.

LOCATION OF FACTORIES.

There are several places on railroad lines in the Territory
where land adapted to the plant, at reasonable prices, in tracts
from one to ten thousand acres, may be procured, where fac-
tories may be established.

The cheaper lands, such as from their low situation are
subject to late frosts and therefore not adapted to fruit-growing,
will make the best canaigre plantations. Even lands subject to
occasional overflow are not objectionable. On such lands the
wild growth is found in greatest luxuriance.
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SOIL.

While the wild growth is confined to the sands and sandy
loams, we find that if the roots are planted shallow and
irrigated, equally large crops are produced on quite heavy soils
and the roots are as rich in tannic acid. The plant seems not
to be particular as to the kind of soil provided it is kept suffici-
ently moist, and it may be found that our sandy loams and
rather heavy soils may prove more profitable for growing the
plant than lighter soils, owing to their greater fertility and more
lasting qualities without fertilization.

TIME OF PLANTING.

It seems not to matter seriously when the roots are planted,
the formation of new roots beginning in the fall from the latter
part of September and continuing on nntil March or April. If
planted in the late spring, leaves will appear and die down at
the usual time in May, when the root planted will lie dormant
through the summer and begin the formation of the new crop
of roots at the regular season with no apparent advantage or
disadvantage as compared with roots, planted just before the
growing season.

If the soil is kept dry, they may lie over until the next
year, and then proceed to grow in the usual way when moisture
is supplied.

Under cultivation the habits of the plant may be modified
to some extent, and we may find on further investigation that
our present conclusions are somewhat in error in regard to the
particular habits of growth of the plant.
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TIME OF HARVESTING.

With the crop planted in the fall, as has been stated,
growth above ground ceases the following May, but the roots,
although they remain dormant, grew gradually richer in tannic
acid during the year, but the increase is quite slow after July.
With rain or irrigation in the fall, the leaves appear above the
ground and a new bunch of roots is started, but so far as we
have observed, the entire hill will produce no more new roots
than would each single tuber if they are separated and re-
planted, In fact, we are inclined to think the single tuber will
produce a larger new crop than the entire hill.

A point we have not yet determined, is, whether or not the
one-year old roots increase in size the second year. They cer-
tainly grow richer in tannic acid. If they continue to grow, it
may be found most profitable to allow the crop to remain on the
land two years, if not, the crop had better be harvested when
the roots are one year old and the land replanted.

YIELD PER ACRE.

Commencing to irrigate by the first of October, a crop cf
ten tons to the acre is a reasonable estimate for new land if the
soil is fairly well prepared, and a good stand is secured by
planting selected tubers of wild growth. The second year's
crop, from cultivated tubers one year old, should reach fifteen
tons, and twenty tons is within the possibilities on good land
carefully planted and well taken care of.

CULTIVATION.

On new desert land, cultivation of the crop will consist of
running a cultivator between the rows after each irrigation. On
old land that has become set with weeds, some extra work may
be necessery to keep them down, but as the ground is prepared
during the summer and the growth occurs in the winter and
spring, the ground being shaded during the latter stage of
growth, weeds will not interfere seriously.
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PREPARING THE LAND FOR PLANTING.

So far as we can judge of the habits of the plant, the yield
of this crop will, like Irish potatoes and some other root crops,
Jie largely governed by the preparation of the soil before
planting. With the preparation given to many of our wheat
fields before seeding we should not expect over half the crop,
that might be grown writh good fitting of the land before
planting.

We have never found large canaigre roots in close compact
soil, and we find that it does not develop fully on onr heavy
soils under cultivation unless the soil is well broken, and loosened
up occasionally during the season of growth.

The plant is tenacious of life; it will live under almost any
conditions, but it will only produce a large yield of new growth
where it finds congenial surrounding conditions. We have set
forth the remarkable adaptability of the plant so fully, that
we wish to emphasize the above statement so that cultiva-
tors m ty not bs disipp)inteJ in yield obtained. We know of
no crop or plant that will make a large yield • without certain
requirements, and canaigre is no exception. With moisture, it
will grow as a weed all through Southern Arizona, but it will
require certain conditions to make a large yield of roots, one of
which is well prepared, deep, loose soil, if the soil is not
naturally in that condition.

COST OF GROWING.

Our experiments in growing canaigre are on too small a
scale to form a base for an estimate of cost of cultivation of
large areas.

We can approximate the cost very closely, however, from
our experience in growing Irish potatoes, a crop which is
handled in a similar way.

The ground should be wTell plowed, the tubers dropped and
covered with the potato planter which, with a little adjustment,
will do the wrork. To secure largest yield the planting should
be done before the first of October and the soil moistened. The
crop should be irrigated from four to six times and some imple-
ment of the two-horse cultivator style with narrow teeth run
through the rows after each irrigation to loosen up the soil*
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The potato digger will lift the roots from out of the ground
and this may be rigged with a carrier so that the roots will be
dropped on a truck wagon driven alongside somewhat on the plan
of the grain header and accompanying wagon, and if the digger cannot
be rigged to dig two rows at a time, two or more may be driven on
either side of the wagon used for hauling the roots from the field,
the object sought being to exclude all hand-labor in planting, dig-
ging and picking up.

With the field cleared, leveled and put in shape to be irrig-
ated, and seed on the ground, we would estimate the cost of
growing somewhat as follows:

Plowing and preparing land per acre $3«oo
Planting with machine 2.00
Irrigating and cultivating 8.00
Digging with machine • t 2.00
Water rental 1.50

$16.50

Cost of hauling roots from field would depend on distance
to factory or station. Cost of seed is not included, for, as has
been stated, the seed roots planted will be harvested with the
new growth and are richer in tannic acid than when planted.

This estimate is for growing fields of from 100 acres up,
sufficient -area to warrant the use of the necessary machinery.
On plantations of 1,000 acres or more, stationary and portable
tramways with horse cars, such as are in use on the large sugar
plantations in Louisiana and Texas, will be desirable to re-
duce cost of hauling roots from the field to the factory* With
the tramway the plantations may extend several miles from the
factory without making the cost of delivering prohibitive.
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